Objective: The purpose of this article is to compare the neurodevelopmental profiles of 78 foster and adopted children with fetal alcohol syndrome (FAS), partial FAS (pFAS), or alcohol-related neurodevelopmental disorder (ARND). Method: Seventy-eight foster and adopted children underwent a comprehensive diagnostic evaluation. By using criteria more stringent than those required by current guidelines, the children were placed in 1 of 3 diagnostic categories: FAS, pFAS, or ARND. Each child was evaluated across the domains of neuropsychological functioning most frequently affected by prenatal exposure to alcohol. Multivariate analyses of variance were conducted to examine differences in neuropsychological functioning between the 3 diagnostic groups. Descriptive discriminant analyses were performed in follow-up to the multivariate analyses of variance. Results: The children in the 3 diagnostic categories were similar for descriptive and child welfare variables. Children with FAS had significantly decreased mean weight, height, and head circumference. Children with FAS exhibited the most impaired level of general intelligence, significantly worse language-based memory compared with children with ARND, and significantly poorer functional communication skills than children with pFAS. On executive functioning, the FAS group of children performed significantly worse on sequencing and shift than either the pFAS or ARND groups. Children with pFAS and ARND were similar in all neurodevelopmental domains that were tested. Conclusion: The children who met tightly defined physical criteria for a diagnosis of FAS demonstrated significantly poorer neurodevelopmental functioning than children with pFAS and ARND. Children in these latter 2 groups were similar in all neurodevelopmental domains that were tested. (J Dev Behav Pediatr 31:192-201, 2010) Index terms: fetal alcohol syndrome, alcohol related neurodevelopmental disorder, neurodevelopment.
natally exposed to alcohol has proven to be an ongoing challenge. Although the diagnosis of fetal alcohol syndrome (FAS) is based on 3 criteria: growth retardation, central nervous system impairment, and characteristic facial dysmorphology, 1 most children with prenatal exposure to alcohol do not fully manifest these criteria but demonstrate a wide range of less specific physical changes and neurodevelopmental deficits. To address this issue, diagnostic terminology has been expanded to include partial FAS (pFAS), which is applied to those children who have been prenatally exposed to alcohol, meet criteria for facial dysmorphology and neurodevelopmental deficits, but have normal growth (height and weight) patterns, and alcohol-related neurodevelopmental disorder for those children who have confirmed prenatal alcohol exposure and neurodevelopmental deficits but do not meet physical criteria required for the diagnosis of FAS or pFAS. [2] [3] [4] [5] Over the years, the relationship between functional impairment and the physical manifestations of FAS, pFAS, and alcohol-related neurodevelopmental disorder has remained unclear. Although the presence of facial dysmorphology has always been recognized as an essential component of diagnosis, the degree of dysmorphology necessary to make a diagnosis of FAS varies between the various diagnostic guidelines. 4, 5 In 2001, Astley and Clarren 4 found that alcohol-exposed children with more severe facial phenotypes demonstrated more impaired levels of cognitive, neurodevelopmental, and visual motor functioning. Subsequently, Astley 5 emphasized the importance of facial criteria in concluding that a child in fact has FAS. Most recently, magnetic resonance studies of children with fetal alcohol spectrum disorders demonstrated increased brain damage that correlated with more severe facial dysmorphology and more severe neurodevelopmental dysfunction. 6, 7 On the other hand, Mattson et al 8 found that the degree of the severity of neurodevelopmental deficits evident in children with prenatal alcohol exposure is independent of the physical features associated with FAS. There is also research that suggests that some children with alcohol-related neurodevelopmental disorder may have more pronounced executive functioning deficits than those children with the full expression of FAS. 9, 10 Although a conceptual model of common deficits that occur across the fetal alcohol spectrum has been proposed, 11 it is important to clarify the relationship between the presence and severity of physical features of FAS (growth impairment and facial dysmorphology) and degree of neurodevelopmental deficit. This is especially true in light of current work to identify neurodevelopmental profiles for children with complete, partial, or no physical features of prenatal alcohol exposure. 12 The purpose of this article is to compare the neurodevelopmental profiles of 78 foster and adopted children with FAS, pFAS, or alcohol-related neurodevelopmental disorder, using tightly defined diagnostic criteria based on multidisciplinary assessments by a team of pediatricians, psychologists, and mental health specialists.
METHODS
Children's Research Triangle focuses on evaluation and treatment of high-risk children, key among them foster and adopted children. Over a 4-year period, 90 foster and adopted children, ages 6 years to 11 years 11 months, who had a confirmed history of prenatal alcohol exposure were recruited to participate in a study of the treatment of fetal alcohol syndrome (FAS)/alcohol-related neurodevelopmental disorder. Twelve declined participation because of geographic distance from the program; these children did not differ in demographic characteristics, child welfare background, reason for referral, or substance exposure histories from the 78 children whose families agreed to participate. Consents for participation were signed by the foster or adoptive parent and, as appropriate, the Office of the Guardian of the Illinois Department of Children and Family Services. In addition, each child signed an assent for participation. All procedures for this study were approved by the Institutional Review Board of Department of Children and Family Services and the Institutional Review Board of the Centers for Disease Control and Prevention, United States Department of Health and Human Services.
Child Assessment
The initial evaluation for each child consisted of a full pediatric, neurological, and dysmorphology diagnostic examination conducted by a team of board-certified pediatricians. Each child's prenatal alcohol exposure (yes/ no) and exposure to tobacco or illicit drugs was verified through maternal admission or positive toxicology for the mother or newborn as documented in the mother's prenatal or birth records and/or the child's birth, medical, child welfare, or adoption records. Information regarding specific dosage and frequency of maternal alcohol, tobacco, and illicit drug use was not available for most children. The child's general health, neurological functioning, and developmental status were evaluated through a review of the child's health, behavioral health, adoption, child welfare, and school records, and full physical examination. Children with a history of significant head trauma, current or historical evidence of lead poisoning, or evidence of a genetic or dysmorphic syndrome other than FAS were excluded from the study.
A digital facial photograph of each child was taken following the guidelines established by Astley and Clarren, 13 and measurements of palpebral fissure length and intercanthal distance were calculated using the recommended formulae. The philtrum and lip ranks (Ranks 1 through 5) were assigned by the pediatrician during the examination based on the established grading system 13 and were confirmed through computer-generated upper lip circularity calculations. After the medical examination, the child and family underwent a clinical interview with a licensed psychologist, and the child was evaluated under the direction of a doctoral level psychologist using instruments that assess child psychologic and neurodevelopmental functioning across several domains.
Measures
Instruments used for the neurodevelopmental battery were selected to assess key domains of neuropsychologic impairment frequently seen as the result of prenatal exposure to alcohol. 3, 7, 8 General Intelligence The Wechsler Intelligence Scale for Children-third edition 14 was used to assess the children's global intellectual functioning. The Wechsler Intelligence Scale for Children-third edition consists of 12 subtests that combine to form a Verbal IQ score, a Performance IQ score, and a Full Scale IQ score, and 4 other indices (Verbal Comprehension, Perceptual Organization, Freedom from Distractibility, and Processing Speed). Average reliability coefficients are .95, .91, and .96 for the Verbal IQ, Performance IQ, and Full Scale IQ scores, respectively, across all age groups. For the 4 indices, the average reliability coefficients range from 0.85 to 0.94.
Executive Functioning
Executive functioning was assessed through administration of 3 instruments, each of which addresses a different aspect of executive functioning skills. The Behavior Rating Inventory of Executive Function 15 is a standardized questionnaire that asks parents to rate the frequency (i.e., never, sometimes, and often) of 86 behaviors related to executive functioning in children. The Behavior Rating Inventory of Executive Function assesses aspects of daily functioning that are accessible to parents and may not be assessed in the structured nature of the clinical evaluation setting, which can hide deficits that are apparent in the child's everyday environment. 16 The bility. To cover all children in our sample, we used the published clinical norms. 17 
Adaptive Living Skills
The Vineland Adaptive Behavior Scales, 21 an interview conducted with parents, was administered to assess the child's adaptive functioning in the areas of communication, daily living, and socialization. With regard to internal consistency, split half reliability medians range from .83 to .94 for Domain and Composite scores and range from .69 to .84 for subdomains. Test-retest reliability for the 3 domains and the composite score has been strong, with most coefficients falling in the .80 to .90 range.
Behavior The Child Behavior Checklist 22 is an empirically based instrument that provides standardized ratings of a child's behavioral and emotional problems and competencies.
The Child Behavior Checklist is completed by the parent or caregiver and consists of 118 questions related to the child's behavior. Each of the items is scored on a 0 to 2 scale. The 1991 Child Behavior Checklist profile provides normalized T scores and percentiles for 3 competence scales, total competence, 8 cross-informant syndrome scales, and internalizing, externalizing, and total problems. Syndrome scores on the Child Behavior Checklist are commonly analyzed in terms of discrete levels that delineate between normal and abnormal. Syndrome scales derived from these procedures are labeled withdrawn, somatic complaints, anxious/depressed, social problems, thought problems, attention problems, delinquent behavior, and aggressive behavior. Borderline and clinical ranges for each syndrome were calculated based on normative sample results.
Diagnostic Assignment
Based on their completed comprehensive evaluation, children were assigned an alcohol exposure-related diagnosis based on the following criteria:
▪ Growth retardation: current or past weight and/or height less than 3rd percentile adjusted for age and gender. We tightened the growth criteria from 10th percentile, as recommended in the CDC diagnostic and referral guidelines, 3 to 3rd percentile, as recommended by Astley, 5 because of the high rates of diagnostic misclassification 2, 23 and the reduced specificity of using a threshold of 10th percentile for denoting growth retardation. Growth criteria below 3rd percentile also align more closely with the original definition of FAS. 1 ▪ Facial dysmorphology: abnormal measurements of the upper lip (Rank 4 or 5) and the philtrum (Rank 4 or 5) and shortened palpebral fissures greater than 2 SD below the mean according to analysis of facial features using the Lip-Philtrum Guide and digital facial photograph based on the criteria of Astley and Clarren. 4,13 ▪ Central nervous system abnormalities: demonstration of structural, neurological, or functional central nervous system deficits 12 as documented by the presence of microcephaly (current head circumference below 3rd percentile for age and gender) and/or functional deficits demonstrated as global cognitive delays with performance below 3rd percentile on standardized testing or 3 or more domains of neurodevelopmental functioning more than 2 SD below the normed mean on standardized measures of cognitive, executive, memory, adaptive, motor, attentional, social skills, or sensory functioning. Data collected through evaluation of the children were entered into the 4-digit diagnostic code 13 to reflect the magnitude of expression of the 4 key diagnostic features of FAS: (1) growth deficiency; (2) FAS facial phenotype, (3) central nervous system dysfunction; and (4) documented gestational alcohol exposure. These codes were then converted to diagnostic categories.
Children who met all physical criteria for growth impairment and facial dysmorphology, and neurodevelopmental deficits were assigned a diagnosis of FAS. Children who demonstrated facial dysmorphology and neurodevelopmental deficits but had normal growth (height and weight) patterns were placed in the pFAS category, and children who met criteria for neurodevelopmental deficits but had normal growth and did not meet criteria for facial dysmorphology were classified as alcohol-related neurodevelopmental disorder. [3] [4] [5] 12, 13 All 78 children met requirements for 1 of these 3 diagnostic categories.
Data Analytic Approach
Before data analysis, the extent of missing data and normality of data were examined. A relatively small amount of data was missing, and there were no systematic patterns associated with why the data were missing. Examination of histograms and skewness and kurtosis statistics on all variables revealed that none of the distributions exceeded the cutoff points of 2* the standard error of skewness or 2* the standard error of kurtosis. 24 Thus, all data were included in the analysis.
To examine for significant differences between the 3 groups on the descriptive variables, 2 analyses were completed on nominal level variables and one-way ANOVAs, followed by post hoc contrasts were used for interval and ratio level variables.
Multivariate analyses of variance (MANOVA) were conducted to examine the differences between the 3 diagnostic groups on measures of intellectual, executive, memory, academic, adaptive, and behavioral functioning. In choosing among the 4 multivariate test statistics available for MANOVA, Wilks' lambda (), Pillai's trace, Hotelling's trace, and Roy's largest root, the assumptions of the MANOVA were considered, and the statistical approach was chosen based on the characteristics of the sample. 25 Descriptive discriminant analyses 26 were performed in follow-up to the MANOVA, labeling the significant underlying constructs based on the level of loading of the indices on the linear discriminant functions.
The equality of the 3 group covariance matrices on each discriminant analysis was examined using Box's Test of Equality of Covariance Matrices. 27 This assumption was met in all cases by nonsignificant F tests. As none of the MANOVA assumptions (normality and homogeneity of variance) were violated, Wilk's lambda was used as the MANOVA test statistic unless otherwise noted. All statistical computation was performed using SPSS 13.0: the General Linear Model-Multivariate program for the MANOVAs and the Discriminant Analysis program for the descriptive discriminant analyses.
RESULTS

Descriptive Data
By using the diagnostic criteria presented in the Methods section, 21 children met criteria for fetal alcohol syndrome (FAS), 10 children had partial FAS (pFAS)
, country of birth, adoption status, child's age, age of the primary caregiver, and rates of polydrug exposure to tobacco, cocaine, marijuana, and opiates (Table 1) .
Child welfare histories were similar in that there were no differences across the 3 groups of children as to number of placements or age at adoption. The 3 groups demonstrated similar academic background and experiences with no differences in rates of participation in special education services, suspension and expulsion from school, or having been held back at least 1 grade ( Table 1) .
As would be expected based on the criteria by which the children were placed in the 3 groups, there were significant differences in current mean growth parameters (Table 1) , with the children with FAS having significantly decreased mean weight, height, and head circumference measurements and significantly higher percentage of children with a head circumference below 3rd percentile. There was no difference in growth patterns between the children with pFAS versus children with ARND.
Neurodevelopmental Functioning
General Intelligence Although the Wechsler Intelligence Scale for Childrenthird edition provides a Performance, Verbal, and Full Scale IQ, we chose to use the 4 index scores that emerged from factor analysis during the development of the instrument 14 (Verbal Comprehension, Perceptual Organization, Freedom from Distractibility, and Processing Speed) rather than the global IQ scores because each subtest of the Wechsler Intelligence Scale for Children-third edition is represented only once on the 4 indices. We used Pillai's criterion as our multivariate statistic because we obtained statistical significance on Box's Test of Equality of Covariance Matrices in the means on these 4 indices across the 3 groups ( Table 2 ). The multivariate analyses of variance (MANOVA) for the 4 index scores was significant (F (8, 138 ) ϭ 3.62, p ϭ .001). The observed power of this analysis was 0.981. On follow-up descriptive discriminant analyses (DDA), 2 linear discriminant functions were generated by the DDA, but only 1 reached statistical significance (Table 3) . Because of the heavy loading of all 4 indices on the first linear discriminant function, we labeled the construct "general intelligence." To understand how the 3 groups differed from one another on this construct, we conducted a multivariate contrast (Fig. 1) , which revealed that the FAS group scores were significantly lower than the scores for the pFAS group and the ARND group (F (4,68) ϭ 3.18, p ϭ .019; F (4,68) ϭ 6.60, p Ͻ .001, respectively), which did not differ significantly from one another (F (4,68) ϭ 1.16, p ϭ .34) .
Memory
The overall MANOVA for the Wide Range Assessment of Memory and Learning Screening (Table 2) nant functions were generated, only the first of which reached statistical significance (Table 3 ). This construct was labeled "language-based memory" because the Story Memory and Verbal Learning subtests were weighted so heavily on the construct. A multivariate contrast on the 3 groups (Fig. 2) demonstrated that although the pFAS group had the lowest scores on the language-based memory construct, the only differences that reached statistical significance were the differences between the FAS group and the ARND group (F (4, 72) ϭ2.61, p ϭ .042). The pFAS and the ARND groups did not differ significantly from one another (F (4,72) ϭ 2.37, p ϭ .06), nor did the FAS and the pFAS groups (F (4,72) ϭ 1.80, p ϭ .14).
Executive Functioning
Executive functioning as measured on the Children's Color Trails Test differed across the groups, with the MANOVA on the Children's Color Trails Test reaching statistical significance (F (4,140) ϭ 3.28, p ϭ .013; Table  2 ). The observed power of this analysis was .826. The follow-up DDA generated 2 linear discriminant functions, but only the first reached statistical significance (Table 3 ). This function loaded heavily on the second color trail, so, we named the factor "sequencing and shifting." Multivariate contrasts demonstrated that the FAS group's times were significantly longer on this sequencing and shifting task than the pFAS and ARND groups' times (F (2,69) ϭ 3.42, p ϭ .038; F (2,69) ϭ 6.35, p ϭ .003), which did not significantly differ from each other (F (2,69) ϭ 0.04, p ϭ .96; Fig. 3 power associated with the Wisconsin Card Sorting Test-64 was 0.283.
Academic Functioning
Evaluation of academic functioning through MANOVA testing of the Wide Range Achievement Test-third edition data revealed no statistically significant differences across the 3 groups (F (6,148) ϭ 1.93, p ϭ .08). The observed power of this analysis was 0.697.
Adaptive Functioning There was a difference in adaptive functioning (Table  2) across the 3 groups as demonstrated on MANOVA of the Vineland (F (6,130) ϭ 2.85, p ϭ .012). The observed power of this analysis was 0.876. On follow-up analysis with DDA, the first linear discriminant function attained statistical significance (Table 3 ). The first linear discriminant function loaded most heavily on the Communication Domain with positive, but notably lower loadings on the remaining 2 subscales. As a result, we labeled this construct "Functional Communication." The F tests for the multivariate contrasts (Fig. 4) demonstrated that the FAS group had a significantly lower mean Functional Communication score than the pFAS group (F (3,64) ϭ 4.48, p ϭ .006), which had the highest mean score. The ARND group, which had a mean score in between the other 2 groups was not significantly different from either the FAS (F (3,64) ϭ 2.48, p ϭ .069) or the pFAS group (F (3,64) ϭ 2.54, p ϭ .064).
Behavior A MANOVA on the problem scales of the Child Behavior Checklist revealed that there were no statistically significant differences between the 3 groups (F (16,134) ϭ 1.41, p ϭ .14). The observed power of this analysis was 0.831. The 2 analyses of differences across the 3 groups with respect to the percentages of children who scored in the clinical range on each of the domain scale scores revealed that none of these differences reached statistical significance.
DISCUSSION
The purpose of this study was to compare neurodevelopmental functioning among children with fetal alcohol syndrome (FAS), partial FAS (pFAS), and alcoholrelated neurodevelopmental disorder (ARND). Seventyeight foster and adopted children with confirmed prenatal exposure to alcohol were distributed across 3 diagnostic categories based on the presence of physical and central nervous system (CNS) characteristics that are fundamental to the diagnoses of FAS, pFAS, and ARND. 3, 5, 12, 13 Clinical criteria for placement in diagnostic groups were based on stringent guidelines, including documentation of all 3 criteria for facial dysmorphology and past or current growth impairment (height or weight) below 3rd percentile. In addition, to meet criteria for abnormal CNS functioning, children had to have a head circumference below 3rd percentile, evidence of global cognitive functioning below 3rd percentile, and/or 3 domains of neurodevelopmental functioning greater than 2 SDs below the normed mean, to ensure that children were not misclassified. The resulting 3 groups were similar in demographic and child welfare background information.
The children who met tightly defined physical criteria for a diagnosis of FAS were significantly different from alcohol-exposed children who did not meet all criteria, whereas children with pFAS and ARND were similar in all neurodevelopmental domains that were tested. Children with FAS exhibited the most impaired level of general intelligence as documented on the Wechsler Intelligence Scale for Children-third edition, significantly worse language-based memory when compared with children with ARND and significantly poorer functional communication skills than children with pFAS. Although one might question if the differences in the cognitive measures are simply the reflection of the categorization process, the classification scheme for diagnosis of FAS, pFAS, and ARND was driven by physical criteria of growth impairment and facial dysmorphology; neurodevelopmental functioning was not used as a classification element as all groups demonstrated CNS impairments. Neurodevelopmental functioning and global cognitive functioning were significantly worse in those children with physical manifestations of prenatal alcohol exposure. The Children's Color Trails Test differentiated degree of executive functioning difficulties among the 3 groups of alcohol-exposed children, with the FAS group of children performing significantly worse on sequencing and shift tasks than either the pFAS or ARND groups. On the other hand, all 3 groups performed similarly on the Wisconsin Card Sorting Test-64 and the Behavior Rating Inventory of Executive Function. Executive functioning refers to multiple complex cognitive skills that relate to higher order thinking, including behavioral inhibition, working memory skills, planning, and shifting between different activities and mental states. 28 These skills derive from integration of brain functioning across all levels, including higher cortical frontal systems, subcortical regions, and their neuronal connections. Exposure to alcohol at any point in gestation could affect the system most vulnerable at that specific time in fetal development, disrupting communication at any point in the interconnective circuitry. Thus, it is not surprising that executive functioning difficulties are among the most common problems found in children across the fetal alcohol spectrum. 8, 9 In analyzing these results, one must consider that there is covariance in the cognitive outcomes; i.e., a lower IQ could account for poorer memory and executive functioning. Reanalysis of the memory and executive functioning findings with the Wechsler Intelligence Scale for Children-third edition as a covariate revealed that the Freedom from Distractibility index shared notable covariance with the Wide Range Assessment of Memory and Learning Screening and rendered the Wide Range Assessment of Memory and Learning Screening findings nonsignificant. Similarly, the Processing Speed index shared notable covariance with the Children's Color Trails Test and rendered those findings nonsignificant. These results suggest that the Wide Range Assessment of Memory and Learning Screening and Children's Color Trails Test tap into attention and concentration, areas that the Freedom from Distractibility and Processing Speed indices access. In reporting this, however, we must point out that using IQ as a covariate when assessing neurodevelopmental disorders can be misleading. The IQ differences seen in our sample are an inherent group characteristic; removing the variability because of IQ will result in a situation that is not descriptive of the actual groups. 29 Consistent with findings with the Behavior Rating Inventory of Executive Function and the Wisconsin Card Sorting Test-64 that executive functioning difficulties occur in all 3 groups of children, there was no difference between any of the groups on behavior; in fact, there was a high rate of diagnosis of attention deficit hyperactivity disorder in each of the 3 groups: 60% of children with FAS, 88.9% of children with pFAS, and 76.9% of children with ARND met DSM-IV criteria for a diagnosis of attention deficit hyperactivity disorder. The combination of neurodevelopmental deficits across multiple domains of functioning, as required in this study for diagnosis of an alcohol exposure-related disorder, can impede the child's ability to think ahead to self-direct behavior, to maintain and integrate multiple bits of information, to stay on task, to problem solve in an organized manner, or to place information into memory for later recall. These deficits have been noted in children across the fetal alcohol spectrum 8, 9 and are the characteristics that most likely lead to the high rate of diagnosis of attention deficit hyperactivity disorder in children with prenatal alcohol exposure. 7, 10, 11 This also helps explain the finding that all 3 groups of children in this study had significant behavioral problems at school: 5% of the FAS group, 10% of the pFAS group, and 11% of the ARND group had been suspended or expelled from school as compared with Ͻ1% of children in the Chicago Public Schools system. 30 Children in this study with FAS had a significantly reduced mean head circumference and an increased rate of head circumferences below 3rd percentile compared with the pFAS and ARND children, who were similar in measures of head circumference. Since the midface forms early in gestation and growth is primarily a third trimester occurrence, it may be that a diagnosis of FAS implies exposure across the full gestational period, whereas pFAS implies exposure only in the first trimester with sparing of brain growth in the third trimester. This is consistent with recent studies by Astley et al, 6 which demonstrated such a relationship between trimester of exposure and mean volume of the frontal lobes: the mean volume of the frontal lobe was significantly smaller in children with 3 trimesters of exposure compared with those children with exposure through only the first trimester. Children with exposure in the first and second trimesters but no exposure in the third trimester had frontal lobe volumes comparable with nonexposed controls.
Astley et al 4, 7 documented a correlation between facial dysmorphology and brain dysfunction, validating the consistency between midline defects and underlying brain abnormalities. On the other hand, Mattson et al 8 found similar neurodevelopmental profiles for prenatally alcohol-exposed children with and without facial dysmorphology. In our study population of children in which facial phenotype was measured using Astley and Clarren's methodology, 4,13 growth patterns (height or weight below 3rd percentile for age and gender) provided the strongest differentiation of risk for neurodevelopmental functioning: the FAS group, who, by definition, had facial dysmorphology and growth impairment, performed significantly worse on most measures of neurocognitive functioning, including global intellectual functioning, than the pFAS group, which had facial dysmorphology but were less growth restricted. In fact, neurodevelopmental functioning of children with pFAS and ARND demonstrated a similar profile, and these 2 groups did not differ in any areas evaluated. The recent study by Astley et al 7 combined children with FAS and pFAS into a single group. However, growth impairment as a marker of increased risk among children with prenatal alcohol exposure, as found in this study, is consistent with the early work by Jones and Smith 1 who noted in their original description of FAS that ongoing growth impairment is a key factor demonstrating the adverse effects of prenatal alcohol exposure.
A limitation of this study is that the sample size is relatively small. This factor is a potential cause for a lack of significant findings for some areas of neurodevelopment, especially between the pFAS and ARND groups. However, although an examination of the means in Table 2 reveals differences of one half to three quarters of a SD between the pFAS and ARND groups on some subscales, the powers reported suggest that the lack of significant differences is not because of insufficient power. Power for the WRAT-III was moderate; if there were larger numbers of children, the results might demonstrate significant differences. The lack of findings for the Wisconsin Card Sorting Test-64 could be because of insufficient sample size or heterogeneity in the sample. Future studies with larger sample sizes may help clarify potential differences that appear not to be significant in this study.
It also should be emphasized that this is a clinical sample, with its associated biases, and consists entirely of foster and adopted children. Thus, the conclusions cannot be generalized to the general population of children with prenatal alcohol exposure or children who are living with their biological parents. In addition, although we were able to document maternal alcohol use in all cases, we could not obtain information on dosage or drinking patterns during gestation. Such a lack of information regarding prenatal alcohol exposure is not an uncommon problem, especially in working with children in out-of-home placement. It also should be noted that all children in this study, to qualify for a diagnosis of FAS, pFAS, or ARND, had to meet criteria for "severe" CNS dysfunction (Rank 3 on the 4-Digit Code 13 ). Children with a diagnosis of mild to moderate CNS dysfunction (Rank 2) were not included; thus, this study does not address the neurodevelopmental profile of children on the milder end of the fetal alcohol spectrum.
The data from this study are consistent with previous studies in that children with prenatal alcohol exposure but without the full manifestations of growth impairment and facial dysmorphology have significant neurodevelopmental deficits. However, the children with the full manifestation of FAS demonstrated a global pattern of impairment and functioned significantly worse in most arenas than children with pFAS or ARND. It appears that use of the most stringent criteria for the diagnosis of FAS, especially requiring growth deficits greater than 2 SD below the normed mean, serves to differentiate children with FAS from children with pFAS and ARND. This clarification of the diagnosis of FAS is important, especially as ongoing work to identify specific neurodevelopmental profiles across the fetal alcohol spectrum continues.
